Cold rolling and recrystallization annealing processing of commercially pure titanium (CP-Ti) sheet was conducted. Cold forming properties using a microstructural analysis, Vickers microhardness and erichsen value measurements were investigated. The results have shown that alpha grain sizes of processing 1 and 2 are 20.58μm and 30.90μm, respectively. Erichsen test results of the specimens of processing 1 have the lowest values. This is because deformation of a reduction of 75% increases crystal defects and leads to the high dislocation density. Cold forming properties of the specimens of processing 2 also became poor due to 50% cold reduction. The effect of the first recrystallization annealing was remained. Equiaxed alpha grains are formed from the elongated grains and cold forming properties of CP-Ti were improved. 
INTRODUCTION
Commercial purity titanium (CP-Ti) is widely used for medical implants in trauma surgery, orthopedic and oral medicine due to its good biocompatibility [1] [2] [3] [4] . Its strengthening mechanism is often realized by cold deformation to obtain enough impact strengths as to that of quenched and tempered low-alloy steel [5，6] . Cold rolling and recrystallization annealing is used as a main treatment [7] [8] [9] . Ductility of CP-Ti can improve rapidly after recrystallization annealing.
The deformation and transformation mechanisms in rolling, heating and cooling process have been studied extensively in the recent literature for CP-Ti [10, 11] . Cracking often occurs easily with severe deformation during cold forming of CP-Ti. It is necessary to adopt recrystallization annealing. The recrystallization practice depends on CP-Ti under the degree of cold work prior to anneal. It is well known that erichsen test is one of an important method to measure the formability of titanium sheet. The parameters of erichsen value can evaluate the formability of CPTi. This article further investigates the processes of cold rolling before recrystallization annealing in CP-Titanium. The mechanism of cold forming properties evolvement was discussed by means of microstructural analysis, Vickers microhardness and erichsen value measurements. Cold forming properties after cold rolling and recrystallization annealing of commercially pure titanium sheet were investigated.
EXPERIMENTAL
CP-titanium was cold-rolled to a thickness of 6 mm and annealed. The chemical composition of CP-Ti (mass percent, %) is Ti≥99.29, Fe≤0.30, C≤0.10, N≤0.05, H≤0.01, and O≤0.250. Rolling reductions of 50% and 75% were subjected to investigate the effects of rolling reduction and recrystallization annealing on cold forming properties of CP-Ti. Cold rolling and recrystallization annealing processing is shown in Table 1 . The specimens before the erichsen test were polished and etched with a solution of HF(5ml)+HNO3(15ml)+H2O(25ml). The microstructure was observed by using light optical microscopy (LOM) and scanning electron microscope (SEM), respectively. Thin specimens were observed in a transmission electron microscopy (TEM). Mean value of Vickers (HV30) hardness of three specimens were collected. erichsen test was performed to evaluate cold forming properties of CP-Ti. Real image of the specimen was collected. Three distinct sretching, drawing and flange regions can be seen after erichsen test in Fig. 1 . 
RESULTS AND DISCUSSION

Erichsen and Hardness Test Results
The erichsen and hardness test results of the specimens are shown in Table 2 . erichsen values of the specimens of processing 2 reaches the maximum value. The highest hardness was obtained in processing 1, and its erichsen test results have the lowest values. Displacement of terne die-shaping force curves of four processes are shown in Fig. 2 . Shaping force of processing 1 has the maximum value (25.7kN). The lowest shaping force (less than 19kN) was obtained in processing 2. Minor values of the erichsen and major hardness test in processing 1 were obtained. 
Microstructures
LOM and micrographs of the specimens in two processes are shown in Fig. 3 . The specimens in two processes have different alpha grain sizes. Alpha grain sizes of processing 1 and 2 are 20.58μm and 30.90μm, respectively. SEM and TEM micrographs of the specimens in two processes are shown in Fig.  4 , respectively. Alpha grain size of processing 1 is refined to a certain degree due to greater cold reduction (75%). SEM micrographs are consistent with LOM micrographs. An alpha grain containing a high dislocation density was discovered on the TEM micrograph for the specimen in processing 1.
Cold Forming Properties Analysis
During annealing heat treatment, internal strains are relieved, ductility is moderately increased, and strength is decreased. Nucleation sites for recrystallization are provided and reverted alpha grains formed. Recovery and recrystallization to occur. The recovery of the CP-Ti material caused significant decrease in microhardness after annealing [12] . New, more equiaxed alpha grains are formed from the elongated grains (Figs. 3, 4) . Recrystallization destroys the strengthening developed by cold rolling and raises cold forming properties of CP-Ti. Superior erichsen value of the specimens of processing 2 was obtained, this is attributed to recrystallization annealing for CP-Ti. Different cold rolling and recrystallization annealing processes result in different microstructure. A reduction of 75% is applied for the specimens of processing 1 after the recrystallization anneal. Greater cold reduction effectively refined alpha grains. The grain size of processing 1 reached the lowest (Figs. 3 and 4) . Different alpha grain sizes could lead to some difference in cold forming properties. The rolling activates additional systems of slip and twining for CP-Ti was reported by Lopatin [13] . The stored energy increases with accumulated strain after deformation [14] . Deformation increases crystal defects and leads to the high dislocation density in CP-Ti (Fig. 5) . It is well known that the mechanism of plastic deformation by the slip process, which is actually produced by dislocation movement. Dyakonov et al. [15] found that the surface area of high-angle grain boundaries was almost tripled, thus giving rise to an ultra-fine microstructure for heavily cold-rolled alpha-titanium. Fine alpha grains result in increases in strength and ductility. Therefore, the hardness and erichsen value reaches the highest and the lowest values for the specimens in processing 1, respectively. Similarly, cold forming properties of the specimens of processing 2 became poor due to 50% cold reduction.
Texture which affects cold forming properties of CP-Ti cannot be neglected. The main texture components are the cold-rolled texture after cold rolling for CP-Ti. Cold forming properties after cold rolling and recrystallization annealing of CP-Ti are also related to the texture.
CONCLUSIONS
(1) Superior erichsen value of the specimens of processing 2 was obtained, this is attributed to recrystallization annealing for CP-Ti. Equiaxed alpha grains are formed from the elongated grains and cold forming properties of CP-Ti were improved.
(2) Erichsen test results of the specimens of processing 1 have the lowest values. This is because deformation of a reduction of 75% increases crystal defects and leads to the high dislocation density.
(3) The lowest shaping force was obtained in processing 2. The effect of the first recrystallization annealing was remained.
